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(54) Method of fabricating magnetic random access memory based on tunnel 
magnetroresistance effect 



(57) A method of manufacturing a magnetic random 
access memory is composed of forming a step-struc- 
tured member (3\ 5") over a substrate (1), forming a first 
magnetic film (6) on the step-structured member (3', 5'); 
forming a tunnel insulating film (7) on the first magnetic 
film (6) such that the tunnel insulating film (7) has a cur- 
vature (A), and etching a portion of the tunnel insulating 



film (7) to form a tunnel insulating layer (7'). The step- 
structured member (3\ 5') has f irst and second surfaces 
(3a\ 5a') substantially parallel to a substrate surface of 
the substrate. A first distance between the first surface 
(3a') and the substrate surface is different from a second 
distance between the second surface (5a 1 ) and the sub- 
strate surface. Trie whole of the tunnel insulating layer 
(7') is located over the first surface (3a'). 
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Description 

Background of the Invention 

1 ■ Field of the Invention 



[0001] The present invention relates to a magnetic 
random access memory (MRAM) and a method of man- 
ufactunng the same. More particularly the present in- 
vention relates to an MRAM whose memory cells re- 
spectively include two magnetic layers separated by a 
tunneling barrier layer, and a method of manufacturinq 
the same. 

2. Description of the Related Art 

[0002] An MRAM, which integrates ferromagnetic lay- 
ers to store digital data, is one of the promising nonvol- 
atile memories. The MRAM stores digital data as direc- 
tions of spontaneous magnetizations of the ferromag- 
netic layers. The directions of the spontaneous magnet- 
izations are not reversed until an external magnetic field 
is applied to the ferromagnetic layers, and this achieves 
nonvolatile storage of the digital data in the MRAM. 
[0003] To improve operation and structure of MRAMs, 
use of the tunnel magnetroresistance (TMR) effect has 
been proposed. The memory cell whose operation is 
based on the TMR effect includes two ferromagnetic lay- 
ers separated by an insulating layer. The insulating layer 
is so thin that a tunneling current is allowed to pass 
though the insulating layer. The insulating layer typically 
has a thickness of about 1 .5 nm. The TMR effect causes 
the resistance of the insulating layer to be changed de- 
pending on whether the spontaneous magnetizations of 
the two magnetic films are "parallel" or "antiparallel" 
The change in the resistance allows the detection of the 
data stored in the memory cells. 
[0004] The method of manufacturing the MRAM 
based on the TMR effect is disclosed in Japanese Laid 
Open Patent Application (JP-A 2000-353791). Figs 1A 
1 B and 1 C schematically show the conventional method 
of manufacturing the MRAM. As shown in Fig. 1 A a sil- 
icon oxide film 102, an aluminum film 103, a first mag- 
netic film 104, an insulating film 105 and a second mag- 
netic film 106 are formed in series on a substrate 101 
A thickness of the insulating film 105 is so thin that a 
tunneling current passes through the insulating film 1 05 
[0005] After forming a photoresist 1 07 on the second 
magnetic film 106, as shown in Fig. 1B, the second mag- 
netic film 1 06, the insulating film 1 05 and the first mag- 
netic film 1 04 are etched with the photoresist 1 07 used 
as a mask. The etching fabricates a lower magnetic lay- 
er 1 04\ a tunneling barrier layer 1 05' and an upper mag- 
netic layer 1 06'. The lower magnetic layer 1 04', the tun- 
neling barrier layer 105' and the upper magnetic layer 
1 06' constitute a memory cell. After the formation of the 
memory cell, as shown in Fig. 1 a the aluminum film 1 03 
is etched to form a lower electrode 103*. 
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[0006] The conventional method causes mechanic 
stress to be applied to the insulating film 105 and the 
mechanical stress induces defects in the tunneling bar- 
rier layer 105'. The mechanical stress is generated in 
5 vanous ways in the process for manufacturing the 
MRAM. For example, the fixation of the substrate 101 
to a manufacturing apparatus causes mechanical stress 
to be applied to the tunneling barrier layer 1 05'. Moreo- 
ver, thermally-induced mechanical stress is applied to 
™ the insulating film 105 because of the difference be- 
tween thermal expansion coefficients of the substrate 
1 01 , the silicon oxide film 1 02, the lower electrode 1 03 
the first magnetic film 1 04, the second magnetic film 1 06 
and the insulating film 105. The mechanical stress in- 
duces defects in the insulating film 1 05 and the induced 
defects may cause operational errors of the MRAM and 
thus degrade the reliability of the MRAM. 
[0007] The stress-induced defects are desirably ex- 
eluded from the tunneling barrier layer in the memory 
20 C eii, ' 

[0008] Anothermethod of manufacturing an MRAM is 
disclosed in U.S. Patent No.6,1 53,443. In the other con- 
ventional method, a tunnel insulating film is discontinu- 
ous^ deposited between two magnetic films. 
25 [0009] Furthermore, a method of manufacturing a thin 
film magnet head, which may be related to the present 
invention, is disclosed in Japanese Laid Open Patent 
Application (JP-A-Heisei 7-235016). In the document it 
is disclosed that a curved insulating film is formed be- 
3 ° tween two magnet films. 

Summary of the Invention 

[0010] Therefore, an object of the present invention is 
to provide a magnetic random access memory for ex- 
cluding stress-induced defects in a tunneling barrier lay- 
er included in a memory cell, and a method of manufac- 
turing the same. 

[0011] Another object of the present invention is to 
40 provide a magnetic random access memory for concen- 
trating a magnetic field to the memory cell during write 
operation, and a method of manufacturing the same. 
[0012] in order to achieve an aspect of the present 
invention, a method of manufacturing a magnetic ran- 
4 $ dom access memory is composed of: 



50 



55 



forming a first magnetic film over a substrate, 
forming a tunnel insulating film on the first magnetic 
film such that the tunnel insulating film has a curva- 
ture, 

forming a second magnetic film on the tunnel insu- 
lating film, and 

etching the first magnetic film, the tunnel insulating 
film and the second magnetic film to form a memory 
cell . The etching is executed such that the curvature 
is excluded from the memory cell. 

[0013] In order to achieve another aspect of the 
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present invention, a method of manufacturing a mag- 
netic random access memory is composed of: 

forming a step-structured member over a substrate, 
wherein the step -structured member has first and 5 
second surfaces substantially parallel to a substrate 
surface of the substrate, a first distance between 
the first surface and the substrate surface being dif- 
ferent from a second distance between the second 
surface and the substrate surface; 10 
forming a first magnetic film on the step structure; 
forming a tunnel insulating film on the first magnetic 
film such that the tunnel insulating film has a curva- 
ture; and 

etching a portion of the tunnel insulating film to form '5 
a tunneling barrier layer, wherein the whole of the 
tunneling barrier layer is located over the first sur- 
face. 

[0014] The first distance is preferably larger than the 20 
second distance. 

[0015] The step-structured member preferably has a 
third surface which bridges the first and second surfac- 
es, the third surface being substantially perpendicular 
to the first and second surfaces. 25 
[0016] In order to achieve still another aspect of the 
present invention, a method of manufacturing a mag- 
netic random access memory comprising: 

forming a conductive portion on a substrate, the 30 
conductive portion having a conductive portion sur- 
face substantially parallel to a substrate surface at 
a first distance from the substrate; 
forming an insulating portion on the substrate 
wherein the insulating portion has a insulating por- 35 
tion surface substantially parallel to the substrate at 
a second distance from the substrate, the first and 
distances being different from each other; 
forming a first magnetic film on the conductive and 
insulating portions; 40 
forming a tunnel insulating film on the first magnetic 
film; 

forming a second magnetic film on the tunnel insu- 
lating film; and 

etching a portion of the tunnel insulating film to form 
a tunneling barrier layer wherein the whole of the 
lunneling barrier layer is located over the conduc- 
tive portion. 

[0017] The formation of the insulating portion is pref- so 
erably executed by the steps of: 

forming an insulating film covering the conductive 
portion; 

removing a surface portion of the insulating film to 55 
flatten the insulating film: and 
etching back another portion of the flattened insu- 
lating film to form the insulating portion. 
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[0018] The method is preferably furthercomposed of: 

forming a magnetic portion between the conductive 
portion and the substrate. 

[0019] in order to achieve still another aspect of the 
present invention, a method of manufacturing a mag- 
netic random access memory is composed of: 

forming a step-forming portion over a substrate; 
forming a lower electrode to cover the step-forming 
portion and the substrate such that the lower elec- 
trode is protruded in a direction perpendicular to a 
substrate surface by the step-forming portion; 
forming a first magnetic film on an electrode surface 
of the lower electrode; 

forming a tunnel insulating film on the first magnetic 
film; 

forming a second magnetic film on the tunnel insu- 
lating film; and 

etching a portion of the tunnel insulating film to form 
a tunneling barrier layer. The whole of the tunneling 
barrier layer is located over the step-forming por- 
tion. 

[0020] The step-forming portion is preferably formed 
of a magnetic material. 

[0021] in order to achieve still another aspect of the 
present invention, an MRAM is composed of a sub- 
strate, a step-structured member formed on the sub- 
strate, a first magnetic layer formed on the step-struc- 
tured member, a tunneling barrier layer formed on the 
first magnetic layer, and a second magnetic layer 
formed on the step-structured member. The step-struc- 
tured member has first and second surfaces substan- 
tially parallel to a substrate surface of the substrate. A 
first distance between the first surface and the substrate 
surface is different from a second distance between the 
second surface and the substrate surface. The whole of 
the tunneling barrier layer is located over the first sur- 
face. 

[0022] In order to achieve still another aspect of the 
present invention, an MRAM is composed of a substrate 
having a substrate surface, a conductive portion formed 
on the substrate, an insulating portion formed on the 
substrate, a first magnetic layer formed on the conduc- 
tive layer, a tunneling barrier layer formed on the first 
magnetic layer, and a second magnetic layer formed on 
the tunneling barrier layer. The conductive portion has 
a conductive portion surface substantially parallel to the 
substrate surface, and the insulating portion has an in- 
sulating portion surface substantially parallel to the sub- 
strate surface. A first distance between the conductive 
portion surface and the substrate surface is different 
from a second distance between the insulating portion 
surface and the substrate surface 
[0023] The MRAM preferably further includes a mag- 
netic portion between the conductive portion and the 
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substrate. 

Brief Description of the Drawings 
[0024] 

Figs. 1A 1B and 1C show a conventional method 
of manufacturing an M RAM ; 
Figs. 2A 2B and 2C show a method of manufactur- 
ing an MRAM in a first embodiment of the present 
invention; f"«»oin 

Figs. 3A 3B and 3C show a method of manufactur- 
ing^ in 3 firSt emb0diment of »« Present 

rfMR 4 l and Sh ° W 3 meth0d of manufacturing 
venton 3 St embodiment of tne P^sent in 

Figs. 5A, SB and 5C show a method of manufactur- 
ing an MRAM in a second embodiment of the 
present invention; 

Fig. 6 shows a structure of an MRAM, which is man- 
ufactured by the method of manufacturing the 
M RAM in the second embodiment 
Figs. 7A, 7B and 7C show a method of manufactur- 
ing an MRAM in a third embodiment- 

ino S a n 8 i R T k r d 80 Sh ° W 3 me,h0d Manufactur- 
ing an MRAM in a third embodiment- 
Figs. 9A, 9B, 9C and 9D show a method of manu- 
facturing an MRAM in a fourth embodiment- 
Figs. 10A, 10B and 10C show a method of manu- 
factoring an MRAM in a fourth embodiment; and 
Figs. 11A, 11B and 11C show a method of manu- 
facturmg an MRAM in a fourth embodiment. 

Description of the Preferred Embodiments 

[0025] An MRAM in an embodiment according to the 
present invention and a method of manufacturing the 
same will be described below with reference to the at 
tached drawings. 

First Embodiment 

[0026] As shown in Fig. 2A, the process of manufac- 
turing a r , MRAM begjns mh formjng an jnsu(at ^ 

2 and a conducts film 3 in series on a substrate 1 in a 
first embodiment. The insulation film 2 is made of an in- 
sulator such as oxide silicon film and oxide nitride sili- 
con. The conductive film 3 is made of conductive mate- 

* I" T lnUm ' C ° Pper and ni,ride ^nium. A 
rn^l e " f0 ™ ed ° n the conductive film 3 
SET! k A ! Sh ° Wn in Fig - 2B ' tne inductive film 3 is 
?o de f, TK W ' th reSISt 4 38 maskt0 fo ™ '™*relec. 
ZTl ' I ' a " inSU,atin9 film 5 is deposited by a 

S'S" CVD technique to cover the ,o - er 

[0028] After the deposition of the insulating film 5 the 
-nsulatmg film 5 is flattened by a CMP (Chemical r Me- 
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chanically Polishing) technique as shown in Fig 2 C 

i t I u AS Sh ° Wn in Fig - 3A ' the ^sulating film 5 is then 
etched back from the upper side of the substrate 1 The 
etch-back is carried out by reactive ion etching with 
* fluorocarbon gas as an etchant. The etch-back of the 
insulating film S exposes entire surfaces 3a' of the lower 

f^T S 3 \T d mak6S thS thiCkness of the 'nsulating 
film 5 thinnerthan those of the lower electrodes 3' Here 
after, the etched back insulating film 5 is referred to as 

an J7 la ^/Thesurf a ces3a-ofthelowerelectrodes 
3 and a surface 5a' of the insulator 5' are substantially 
parallel to the surface of the substrate 1 V 
[0030] The lower electrodes 3', which are made of a 
conductive material, are not etched in the reactive ion 
etchmg w,th the fluorocarbon gas, and thus the lower 
electrodes 3' and the insulator 5' form a step in the con- 
act region thereof. That is, after the etch-back, a dis- 
tance between the surfaces 3a' and a surface 1a of the 

20 T S T B 1 iS differen ' from a distance belw <*n the sur- 
face 5 a' and the surface 1a. The distance between the 
surfaces 3a' and the surface 1a is larger than the dis- 
tance between the surface 5a' and the surface la 
[0031] The step formed by the lower electrodes 3" and 
the insulator 5' should be as .arge as preferable step 
coverage ,s obtained. An excessively large step causes 
poor step coverage of an interlayer dielectric formed in 
the following fabrication process. 

tnn 032 , 1 t 8 Sh ° Wn iR Rg 3B ' a firet maane «c fi'm 6, a 
• 30 n 6 e i bamerinSU,ator7 ' andas ^ndmagneticfilm 
8 are formed in series to cover the lower electrodes 3' 
and the insulator 5'. The first magnetic film 6 and the 
second magnetic film 8 are made of metallic ferromag- 

mfTrTI SUCh r as iron ' nk * e1, cobalt and e en ™"°y 

35 r ne " n9 baaier inSUlator 7 is m ade of an 

hf, n f . 3S alUmina (A ' 2 °^ and naf ni"m oxide. A 
thickness of the tunneling barrier insulator 7 is so thin 
that a tunneling current passes through the tunneling 
barner ln sulator7.Thethicknessofthetunnelingbamer 

40 IThf 7 ' S t r PiCa " y ab ° Ut 1 5 nm ' Mum ™ ^ pref- 
erable matenal for the tunneling barrier insulator 7 be- 
cause of its excellent insulating property and its easi- 
ness to form a thin film. 

[0033] The first magnetic film 6 and the second maq- 
netic film 8 may be a laminated magnetic film formed of 
a fer omagnet.c film(s) and a non-magnetic film, such 
as ruthen.um film. Also, the first magnetic film 6 and the 
second magnetic film 8 may be a laminated magnetic 
film formed of a ferromagnetic film and a diamagnetic 
so nZ?T aS J ridiUm man 9 ane ^ and platinum manga- 
nese. Also, the first magnetic film 6 and the second mag- 
netic film 8 may be a laminated magnetic film formed of 
a ferromagnetic film, non-magnetic film and diamagnet- 
ic film. a 

55 S 03 !L StSP construc,ed °y the lower electrodes 
J ne J nSU,a,or 5 ' forms curvatures A in the first mag- 
netic f ,lm 6, the tunneling barrier insulator 7 and the sec- 
ond magnetic film 8. 

[0035] The curvatures A suppress induction of de- 
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fects in tunneling-current-flowing portions of the tun- 
neling barrier insulator 7, the portions that are located 
over the surfaces 3a' of the lower electrodes 3' and pass 
through the tunneling current. The curvatures A concen- 
trate the mechanical stress thereon, and thus weaken s 
the mechanical stress applied to the tunneling-current- 
flowing portions. This effectively prevents defects from 
being induced in the tunneling-current-flowing portions. 
[0036] Side surfaces 3b' of the lower electrodes 3' 
which are in contact with the first magnetic film 6 are 
desired to be substantially vertical to the surface 5a' of 
the insulating film 5 and the surfaces 3a' of the lower 
electrodes 3'. The vertical side surfaces 3b' decrease 
the curvature radius of the curvatures A, and thereby 
further concentrates the mechanical stress onto the cur- 
vatures A. 

[0037] As shown in Fig. 3C, the second magnetic film 
8, the tunneling barrier insulator 7 and the first magnetic 
film 6 are then etched to form free (soft) ferromagnetic 
layers 8', a tunneling barrier layers 7 and fixed (pinned) 
ferromagnetic layers 6'. The fixed ferromagnetic layers 
6', the tunneling barrier layers 7 and the free ferromag- 
netic layers 8' constitute TMR elements 10 in which 
magnetic tunnel junctions are accommodated. The 
etching of the second magnetic film 8, the tunneling bar- 
rier insulator 7 and the first magnetic film 6 is executed 
such that the curvatures A are excluded from the TMR 
elements 1 0. Only the portions of the first magnetic film 
6, the tunneling barrier insulator 7 and the second mag- 
netic film 8 located on or over the surfaces 3a' of the 
lower electrodes 3' remain after the etching. The curva- 
tures A weaken the mechanical stress applied to the re- 
maining portions and thus make the remaining portions 
substantially defect-free. The exclusion of the curva- 
tures A allows the defect-free portions to be used as the 
tunneling barrier layer 7'. 

[0038] As shown in Fig. 4A. an interlayer dielectric 9 
is then formed to cover the entire structure. The inter- 
layer dielectric 9 is made of an insulator such as silicon 
oxide. The insulator 5', which is filled around the lower 
electrode 3', improves the step coverage of the interlay- 
er dielectric 9. 

[0039] As shown in Fig. 4B, contact holes 11 are then 
formed to expose portions of the free ferromagnetic lay- 
ers 8*. An upper wiring 12 is then formed of conductive 
material such as aluminum and copper. The upper wir- 
ing 12 is connected to the free ferromagnetic layers 8" 
through the contact holes 1 1 . The formation of upper wir- 
ing 1 2 completes the fabrication process of the MRAM. 
[0040] The method of manufacturing the MRAM in the 
first embodiment reduces stress-induced defects in- 
cluded in the tunneling barrier layers 7', and thus im- 
proves the reliability of the MRAM. As mentioned above, 
the first magnetic film 6, the tunneling barrier insulator 
7 and the second magnetic film 8 are formed on the step 
constructed by the lower electrodes 3' and the insulator 
5'. The step provides the curvatures A with the tunneling 
barrier insulator 7. The mechanical stress applied to the 



tunneling barrier insulator 7 is concentrated onto the 
curvatures A. This weakens the mechanical stress ap- 
plied to portions of the tunneling barrier insulators 7, the 
portions that are formed into the tunneling barrier layer 
7. This enables to reduce the stress-induced defects 
included in the tunneling barrier layer 7. 
[0041] In the view of the reduction of stress-induced 
defects, the insulator 5' may be thicker than the lower 
electrode 3'. It is preferable, however, that the lower 
electrode 3', on which the TMR element 1 0 is fabricated, 
is thicker than the insulators' for improving the uniform- 
ity of the first magnetic film 6, the tunneling barrier insu- 
lator 7 and the second magnetic film 8. If the insulator 
5' is thicker than the lower electrode 3', the uniformity in 
the film thicknesses of the first magnetic film 6, the tun- 
neling barrier insulator 7 and the second magnetic film 
8 are made poor because of the presence of the insu- 
lator 5". The poor uniformity causes the property of the 
TMR element to be deteriorated. Thus, it is preferable 
that the lower electrode is thicker than the insulator 5'. 

Second Embodiment 

[0042] Figs. 5 A to 5C and Fig. 6 show a method of 
manufacturing an MRAM in a second embodiment. The 
method of manufacturing the MRAM in the second em- 
bodiment suppresses the induction of defects in tun- 
neling barrier layer. Moreover, the method in the second 
embodiment enables to fabricate an MRAM in which a 
magnetic field used to write data is easily concentrated 
onto the free ferromagnetic layer in the memory cell. 
[0043] As shown in Fig. 5A, the fabrication method in 
the second embodiment begins with successive depo- 
sitions of a lower magnetic film 13, the insulation film 2 
and the conductive film 3 to cover the substrate 1 . The 
lower magnetic film 1 3 is made of the magnetic material 
having a high magnetic permeability, such as iron, nick- 
el, cobalt, or alloys of these, such as permalloy (NiFe). 
The insulation film 2 is made of the insulator such as 
oxide silicon film and oxide nitride silicon. The conduc- 
tive film 3 is made of the conductive material, such as 
aluminum, copper and nitride titanium. The resist 4 is 
then formed on the conductive film 3. 
[0044] As shown in Fig. 5B, with the resist 4 as the 
mask, the conductive film 3 and the lower magnetic film 
13 are etched to accordingly form the lower electrodes 
3' and lower magnetic members 13'. When a current is 
applied to one of the lower electrodes 3', the associated 
lower magnetic members 13' functions as a magnetic 
path of a magnetic field generated by the applied cur- 
rent. 

[0045] The insulating film 5 is then formed to cover 
the lower electrodes 3' and the lower magnetic members 
13', as shown in Fig. 5C. After the insulating film 5 is 
flattened, the same processes as the first embodiment 
are carried out to accordingly form the MRAM. 
[0046] Fig. 6 shows the structure of the MRAM fabri- 
cated by the method in the second embodiment. The 
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lower magnetic members 13' are formed between the 
insulat,on film 2 and the lower electrodes 3" The loweJ 

ab Wy than the substrate 1 , the insulation film 2. the in- 
sulator 5 and the interlayer dielectric 9. The TMR ele- 
ment 10. whfeh includes the fixed ferromagnetlcl e " 

LI ? " e m9 b3rrier ,ayer T and the ferromag- 
netic layer 8\ is fenced on the lower electrode 3" 

he second l e h m H eth ° d ° f manu,actu ™9 the MRAM in 
the second embod.ment, the stress-induced defects are 

Tn S ™ y pT Uded fr ° m ,he tUnne,in 9 carrier layer 7 
m the TMR element 10. 

ESS Jr dditi0n ' the meth0d of ma ™facturing the 

ZZ 17, at reqU ' reS Sma " current 10 write data 
Tr mLn ^ ^ 1 °- AS menti0ned abov ^ tow- 
2 » membefS 13 ' haVin 9 a hi 9 h ma 9netic per- 
meabihty attract the magnetic field 14 generated by the 
current app.ied to the .ower electrodes 3" to the vicinity 

ic?IT r f?° de3 '^ iscon «esthemagnet- 
»Md 14 onto the TMR element 10. The concentration 
of the magnetic field 14 enables to reduce the current 
flowing through the lower electrode 3' 
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Third Embodiment _ 

flHM9] Figs . 7A t0 7C and 8A to 8C shQw a 
manufactunng an MRAM in a third embodiment. The 
method of manufacturing the MRAM in the third embod- 
.ment suppresses the induction of the defects in thetun- 

D oSim^ m M r ^ in the S3me Way as the sec °" d em- 
bodiment. Moreover, the MRAM is configured such that 
^ magnetic field used for data write is concentrated 
onto the memory cell. 

K J*! mSth0d in the third embodiment differs 
from thatrnthesecondembodimentinthatthestep used 
OOsT th T e n !T a,Ures is formed in a different process. 
PTO51] The fabrication method in the third embodi- 
ment begins with forming an insulation film 22 on a sub- 
strate 21 as shown in Fig. 7A. The insulation film 22 is 

oTnitriSe"^" 3 3t0r "** 33 Si ' iC ° n ° Xide and si «~" 
t«on film 22, the magnetic film is etched to form magnetic 

ZTZ 23 - The magnetic members 23 ™ »SS5 

T s Tk mat6ria ' haVin9 3 hi9h ma 9 netic P^eabll- 

x;?Fer nick ^ 

[0052] Afterformingthemagneticmembers23 alow- 

ZZZ 2 V S t0rm6d 88 Sh ° Wn in Fi 9- 7B - ™« 'ower 
wring 24 is formed to cover the insulation film 22 and 

are Z^Tl™™'™ 23. The magnetic members 23 
r a « ft „ »n 1 tWee " ,he ' 0Wer Wirin 9 24 and ^e insu- 
oTn h Z ? thUS 3 Part ° f thS low er wiring 24 is 
pmtruded by a thickness of the magnetic members 23 
The protrusion of the lower wiring 24 results in that a 
step isformed in the lower wiring 24. A distance between 

tZtT "? 22 3 Partia ' SUffaCe 24a ' ^ 
a part of the surface of the lower wiring 24 located over 



he magnetic members 23, is larger than that between 
the msulation film 22 and a partial surface 24b which is 
a part of the surface of the lower wiring 24 off-aligned to 
tne magnetic members 23. 
5 [0053] A first magnetic film 25, a tunneling barrier in- 
sulator 26 and a second magnetic film 27 are then 
ormed in series to cover the lower wiring 24, as shown 
" 9 - J C f :, The first ma 9 net « film 25 and the second 
10 ZT ! C 5 ^ m3de ° f the metal,ic ferromagnetic 

SETliTf a V ron ' nk * el ' cobalt and 

(NrFe). The tunneling barrier insulator 26 is made of the 

S!!° r ^ Ch 88 a ' Umina and hafnium oxide. 

[0054] The step formed in the lower wiring 24 provides 
curvatures A for the first magnetic film 25, the tunneling 
barner insulator 26 and the second magnetic film 27 
The curvatures A concentrates mechanical stress ap- 
plied to the tunneling barrier insulator 26 thereon and 
thus weakens the mechanical stress applied to the tun- 
neling current passing portions of the tunneling barrier 
*° insulator 26, the portions being located on or overTe 

part,alsurface24a.Thisreduce S stress-induceddefects 
ncluded ,n the tunneling-current passing portions. 

h S t S , in Fig ' 8A ' the second magnetic film 
« ; « tUnnel,n 9 oamer insulator 26 and the first mag- 
netic film 25 are then etched to form free ferromagnetic 
layers 27 , a tunneling barner layers 26' and fixed ferro- 

™f* ' ayerS 25 '- ThS ' ayerS 25 '- 26 ' and 27 ' consti- 
tute TMR elements 30. The etching is executed so that 

30 n? t 'T tU Z A eXC,Uded fr ° m the ,re e ferromag- 
* netic ayers 27', the tunneling barrier layers 26" and the 
fixed ferromagnetic layers 25'. Only the portions of the 
first magnetic film 25, the tunneling barrier insulator 26 
and the second magnetic film 27, the portions being lo- 
cated over the magnetic member 23 remains as the 

ssr f iayers 2s ' the ,unneiin 9 ia v 

ers 26 and the free ferromagnetic layers 27'. The exclu- 

included in the tunneling barrier layers 26' of the TMR 
elements 30. 

« [0056] An interlayer dielectric 28 is then deposited to 
coyer the entire structure as shown in Fig. 8B The in- 
terlayer dielectric 28 is made of the insulator such as 
oxide silicon. 

<5 ?«°™ t A J!! r deposition of the interlayer dielectric 
28, contact holes 29 is formed to expose portions of the 
free ferromagnetic Iayer27' as shown in Fig. 8C. An up- 
per winng 31 is then formed of the conductive material 
such as aluminum and copper. The upper wiring 31 is 
connected to the free ferromagnetic layers 27" through 
the contact holes 29. The formation of upper wiring 31 
completes the fabrication process of the MRAM 
[0058] The method of manufacturing the MRAM in the 
th.rd embodiment effectively excludes the stress-in- 
duced defects from tunneling barrier layer 26' in the 
same way as the methods in the first and second em- 
Dodiment. 

EES- M ° reover ' the me thod of manufacturing the 
,n the third embodiment enables to manufacture 
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the MRAM that requires small current to execute data 
write. As mentioned above, the magnetic members 23 
having a high magnetic permeability attract the magnet- 
ic field 32 to the vicinity of the lower wiring 24. The at- 
tracted magnetic field 32 is concentrated onto the TMR 5 
elements 30. The concentration of the magnetic field 32 
onto the TMR elements 30 reduces the current required 
for writing data. 

[0060] In the third embodiment, non-magnetic mem- 
bers made of non-magnetic material, such as oxide sil- 
icon and copper, may be used instead of the magnetic 
members 23. This also enables to reduce stress-in- 
duced defects included in the tunneling barrier layers 
26' while the effect of the concentration of the magnetic 
field 32 on the TMR elements 30 is not obtained. The 
non-magnetic members may be insulators such as ox- 
ide silicon and may be a conductive material, such as 
aluminum and copper. 

Fourth Embodiment 

[0061 ] Figs. 9A to 9C and 1 0A to 1 0C show a method 
of manufacturing an MRAM in a fourth embodiment. In 
the fourth embodiment; the memory cell is formed on 
the bottom of the step structure, while the memory cell 
is formed on the top of the step structure in the first to 
third embodiments. 

[0062] As shown in Fig. 9A, the fabrication process in 
the fourth embodiment begins with successive deposi- 
tions of insulation film 42 and a conductive film 43 to 
cover a substrate. The insulation film 42 is made of an 
insulator such as silicon oxide and silicon oxinitride. The 
conductive film 43 is made of a conductive material such 
as aluminum, copper and nitride titanium. A resist 44 is 
then formed on the conductive film 43. 
[0063] As shown in Fig. 9B, the conductive film 43 is 
then etched with the resist 44 as the mask to accordingly 
form lower electrodes 43\ 

[0064] Next, an insulation film 45 is deposited to cover 
the entire structure, as shown in Fig. 9C. The insulation 
film 45 is made of the insulator such as oxide silicon. 
[0065] After the deposition of the insulation film 45 , as 
shown in Fig. 9D, the insulation film 45 is flattened by a 
CMP technique. A surface portion of the insulation film 
45 is removed to expose the surfaces of the lower elec- 
trodes 43*. The polishing of the insulation film 45 is ex- 
ecuted such that the polished surface thereof is sub- 
stantially aligned with the surfaces of the lower elec- 
trodes 43'. Hereafter, the polished insulation film 45 is 
referred to as an insulator 45'. 

[0066] As shown in Fig. 10A, an insulation film 46 is 
formed to cover the lower electrodes 43' and the insu- 
lator 45'. The insulation film 46 is formed of an insulator 
whose etching selectivity is high with respect to both the 
lower electrodes 43' and the insulator 45'. When the low- 
er electrodes 43' are made of aluminum and the insula- 
tor 45' is made of oxide silicon, the insulation film 46 is 
typically made of silicon nitride. 



[0067] As shown in Fig. 108, the insulation film 46 is 
then etched to accordingly form a step-forming member 
46'. The etching of the insulation film 46 exposes a part 
of the surfaces of the insulator 45* and the entire upper 
surface of the lower electrodes 43'. The surfaces of the 
lower electrodes 43' and the insulator 45* exposed by 
the etching are hereafter referred to as an exposed sur- 
face 47. A step structure is formed by the step-forming 
member 46'. That is, an upper surface 46a of the step- 
forming member 46' is located farther from thesubstrate 
41 than the exposed surface 47. 
[0068] As shown in Fig. 10C, a first magnetic film 48, 
a tunnel insulation film 48 and a second magnetic film 
50 are then formed in series to coverthe entire structure. 
The first magnetic film 48 and the second magnetic film 
50 are made of the metallic ferromagnetic material such 
as iron : nickel, cobalt and permalloy (NiFe). The tun- 
neling barrier insulator 49 is made of the insulator such 
as alumina (Al 2 0 3 ) and oxide hafnium. 
[0069] The step-forming member 46' provides curva- 
tures A for the first magnetic film 48, the tunneling barrier 
insulator 49 and the second magnetic film 50. The me- 
chanical stress applied to the tunneling barrier insulator 
49 is thus concentrated onto the curvatures A. The con- 
centration of the mechanical stress weakens the me- 
chanical stress applied to the tunnel-current passing 
portions of the tunneling barrier insulator 49, the por- 
tions being located over the lower electrode 43'. This 
effectively reduces the stress-induced defects in the 
tunnel-current passing portions. 
[0070] As shown in Fig. 1 1 A, the second magnetic film 
50, the tunneling barrier insulator 49 and the first mag- 
netic film 48 are then etched to form free ferromagnetic 
layers 50', tun neling barrier layer 49' and fixed ferromag- 
netic layers 48'. The fixed ferromagnetic layers 48', the 
tunneling barrier layers 49' and the free ferromagnetic 
layers 50' constitute TMR elements 60. The etching of 
the second magnetic film 50, the tunneling barrier insu- 
lator 49 and the first magnetic film 48 is executed so that 
the curvatures A are excluded from the ferromagnetic 
layer 50', the tunneling barrier layer 49' and the fixed 
ferromagnetic layer 48'. That is, only the portions of the 
first magnetic film 48, the tunneling barrier insulator 49 
and the second magnetic film 50, located on or over the 
surface of the lower electrode 43* remain to form the free 
ferromagnetic layers 50', the tunneling barriers layers 
49' and the fixed ferromagnetic layers 48'. The exclusion 
of the curvatures A enables to reduced stress-induced 
defects included in the tunneling barrier layer 49'. 
[0071] An interlayer dielectric 51 is then formed to 
cover the entire structure, as shown in Fig. 11 B. The in- 
terlayer dielectric 51 is made of the insulator such as 
oxide silicon. 

[0072] Contact holes 52 are then formed to expose 
portions of the free ferromagnetic layers 50' as shown 
in Fig. 1 1 C. An upper wiring 53 is then formed to be con- 
nected to the free ferromagnetic layers 50' through the 
contact holes 52. The upper wiring 53 is made of con- 
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ductive material such as aluminum and copper. The for 
mation of the upper wiring 53 completes the fabrication 
process of the M RAM. 

[0073] In the method of manufacturing the MRAM in 
he fourth embodiment, the first magnetic film 48 the 
tunneling barrier insulator 49 and the second magnetic 
film 50 are formed on a step structure. The step structure 
provides the curvatures A for the first magnetic film 48 
the tunneling barrier insulator 49 and the second mag- 
netic film 50. The mechanical stress applied to the tun- 
neling barrier insulator 49 is concentrated onto the cur- 
vatures A. The concentration of the mechanical stress 
weakens the mechanical stress applied to the portions 
of the tunneling barrier insulator 49, the portions which 
are formed into the tunneling barrier layers 49\ and this 
reduces the stress-induced defects included in the tun- 
neling barrier layers 49'. The reduction of the stress-in- 
duced defects improves the reliability of the MRAM 
[0074] Although the invention has been described in 
its preferred form with a certain degree of particularity 
it is understood that the present disclosure of the pre- 
ferred form has been changed in the details of construc- 
bon and the combination and arrangement of parts may 
be resorted to without departing from the spirit and the 
scope of the invention as hereinafter claimed 



14 



10 



15 



20 



25 



Claims 



A method of manufacturing a magnetic random ac- 30 
cess memory comprising: 



forming a step-structured member over a sub- 
strate, wherein said step-structured member 
has first and second surfaces substantially par- 
allel to a substrate surface of said substrate, a 
first distance between said first surface and 
said substrate surface being different from a 
second distance between said second surface 
and said substrate surface; 
forming a first magnetic film on said step - struc- 
tured member; 

forming a tunnel insulating film on said first 
magnetic film such that said tunnel insulating 
film has a curvature; and 
etching a portion of said tunnel insulating film 
to form a tunnel insulating layer, wherein the 
whole of said tunnel insulating layer is located 
over said first surface. 



35 



40 



4. The method according to claim 1 wherein said step- 
structured member includes: 

a conductive portion having said first surface 
and 

an insulating portion having said second sur- 
face. 

5. The method according to claim 4, wherein said 
forming said step-structured member includes: 

forming said conductive portion over said sub- 
strate, 

forming an insulating film to cover said conduc- 
tive portion, 
removing a surface portion of said insulating 
film to flatten said insulating film, and 
etching back another portion of said flattened 
insulating film to form said insulating portion. 

6. The method according to claim 4, further compris- 

forming a magnetic portion between said con- 
ductive portion and said substrate. 

7- The method according to claim 1, wherein said 
forming said step-structured member includes: 

forming a step-forming portion over said sub- 
strate, and 

forming a lower electrode to cover the step- 
forming portion and said substrate such that 
said lower electrode is protruded in a direction 
perpendicular to a substrate surface by said 
step-forming portion. 

8. The method according to claim 7, wherein said 
step-forming portion is formed of a magnetic mate- 
rial. 



9. 



45 



The method according to claim 1 , wherein said first 
distance is larger than said second distance. 

The method according to claim 1, wherein said 
step-structured member has a third surface which 
bridges said first and second surfaces, and said 
third surface is substantially perpendicular to said 
first and second surfaces. 



so 



55 



An MRAM comprising: 
a substrate (1, 21, 41); 

a step-structured member (3', 5\ 13\ 23, 24 
43", 45', 460 formed over said substrate (1, 21 ' 
41), wherein said step-structured member (3'' 
5\ 13', 23, 24, 43\ 45', 46') has first and second 
surfaces substantially parallel to a substrate 
surface of said substrate (1 , 21 , 41 ), a first dis- 
tance between said first surface and said sub- 
strate surface being differentfrom asecond dis- 
tance between said second surface and said 
substrate surface; 

a first magnetic layer (6', 25', 48') formed on 
said step-structured member (3' 5' 13' 23 ?4 
43\ 45\ 46'); 

a tunnel insulating layer (7\ 26', 49') formed on 
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said first magnetic layer (6\ 25', 4-7'); and 
a second magnetic layer (8\ 27', 50') formed on 
said step-structured member (3\ 5', 13\ 23 , 24, 
43', 45', 46'), wherein the whole of said tunnel 
insulating layer (7\ 26', 49') is located over said 5 
first surface. 

10. The MRAM according to claim 9, wherein said first 
distance is larger than said second distance. 

10 

11. The MRAM according to claim 9, wherein said step- 
structured member includes: 

a conductive portion (3', 13') formed on a sub- 
strate (1. 2), said conductive portion (3', 13') '5 
having said first surface, 
an insulating portion (5') formed on said sub- 
strate (1 , 2), said insulating portion (5') having 
said second surface. 

20 

12. The MRAM according to claim 11 , further compris- 
ing: 

a magnetic portion between said conductive 
portion and said substrate. 25 
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Fig. 4 A 
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Fig. 7 A 
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Fig. 9 B 




Fig. 9 G 
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Fig. 1 0 A 
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Fig. 1 1A 
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